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MEDLINE on STN 
2003031708 MEDLINE 
PubMed ID: 12525700 

Potent antitumor activity of a urokinase-activated 
engineered anthrax toxin. 

Liu Shihui; Aaronson Hannah; Mitola David J; Leppla Stephen 
H; Bugge Thomas H 

Oral Infection and Immunity Branch, National Institute of 
Dental and Craniofacial Research, National Institutes of 
Health, Bethesda, MD 20892, USA. 

Proceedings of the National Academy of Sciences of the 
United States of America, (2003 Jan 21) 100 (2) 657-62. 
Journal code: 7505876. ISSN: 0027-8424. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 

200302 

Entered STN: 20030123 
Last Updated on STN: 20030225 
Entered Medline: 20030224 
Entered STN: 20030123 
Last Updated on STN: 20030225 
Entered Medline: 20030224 

The acquisition of cell-surface urokinase plasminogen 

activator activity is a hallmark of malignancy. We generated an 

engineered anthrax toxin that is activated by cell-surface urokinase in 

vivo and displays limited toxicity to normal tissue but broad and potent 

tTimoricidal activity. Native anthrax toxin protective 

antigen, when administered with a chimeric anthrax toxin 

lethal factor, Pseudomonas exotoxin fusion protein, was 

extremely toxic to mice, causing rapid and fatal organ damage. Replacing 
the furin activation sequence in anthrax toxin protective 
antigen with an artificial peptide sequence efficiently activated 
by urokinase greatly attenuated toxicity to mice. In addition, the 
mutation conferred cell-surface urokinase -dependent toxin activation in 
vivo, as determined by using a panel of plasminogen, plasminogen 
activator, plasminogen activator receptor, and 
plasminogen activator inhibitor-deficient mice. 

Surprisingly, toxin activation critically depended on both urokinase 
plasminogen activator receptor and plasminogen in vivo, 

showing that both proteins are essential cofactors for the generation of 

cell -surface urokinase. The engineered toxin displayed potent 

tumor cell cytotoxicity to a spectrum of transplanted 

tximors of diverse origin and could eradicate established solid 

tumors. This tumoricidal activity depended strictly on 

t\imor cell -surface plasminogen activation. The data show that a 

simple change of protease activation specificity converts anthrax toxin 

from a highly lethal to a potent tumoricidal agent. 
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3 MEDLINE on STN 

2 0012 76184 MEDLINE 
PubMed ID: 11278833 

Targeting of tumor cells by cell surface 
urokinase plasminogen activator 

-dependent anthrax toxin. 

Liu S; Bugge T H; Leppla S H 

Oral Infection and Immunity Branch and Oral and Pharyngeal 
Cancer Branch, NIDCR, National Institutes of Health, 
Bethesda, Maryland 20892, USA. 

Journal of biological chemistry, (2001 May 25) 276 (21) 
17976-84. 

Journal code: 2985121R. ISSN: 0021-9258. 
United States 



DOCUMENT TYPE: 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200107 

Entered STN: 20010709 

Last Updated on STN: 20030105 

Entered Medline: 20010705 



ED Entered STN: 2 0010 70 9 

Last Updated on STN: 20030105 

Entered Medline: 20010705 
AB Urokinase plasminogen activator receptor (uPAR) binds 

pro-urokinase plasminogen activator (pro-uPA) and 

thereby localizes it near plasminogen, causing the generation of active 

uPA and plasmin on the cell surface. uPAR and uPA are overexpressed in a 

variety of human timers and tumor cell lines, and 

expression of uPAR and uPA is highly correlated to tumor 

invasion and metastasis. To exploit these characteristics in 

the design of tumor cell-selective cytotoxins, we constructed 

mutated anthrax toxin -protective antigen (PrAg) 

proteins in which the furin cleavage site is replaced by sequences cleaved 
specifically by uPA. These uPA-targeted PrAg proteins were activated 
selectively on the surface of uPAR- expressing tumor cells in the 
presence of pro-uPA and plasminogen. The activated PrAg proteins caused 
internalization of a recombinant cytotoxin, FP59, consisting of anthrax 
toxin lethal factor residues 1-254 fused to the 

ADP-ribosylation domain of Pseudomonas exotoxin A, thereby killing the 

uPAR- expressing tumor cells. The activation and cytotoxicity of 

these uPA-targeted PrAg proteins were strictly dependent on the integrity 

of the tumor cell surface-associated plasminogen activation 

system. We also constructed a mutated PrAg protein that selectively 

killed tissue plasminogen activator -expressing cells. 

These mutated PrAg proteins may be useful as new therapeutic agents for 
cancer treatment. 



